This study prospectively audited 3339 peribulbar and 2688 sub-Tenon's eye blocks in an Australian teaching hospital with regard to the occurrence of adverse events. Complications were classified into three groups: ocular complications directly due to the eye block technique, systemic medical complications possibly associated with block technique and adverse events which were unlikely to have been associated with block technique. Five serious ocular complications were associated with peribulbar block compared to none with sub-Tenon's block (P=0.07).
Local anaesthesia has a major role in ophthalmic surgery. Two of the most common anaesthetic techniques are the peribulbar block (PBB) and the sub-Tenon's block (STB). PBB is a widely used sharp needle technique and has an incidence of serious complications including globe perforation, haemorrhage, optic nerve injury and brainstem anaesthesia 1 . STB using dissection and a blunt cannula also has complications reported including orbital inflammation, globe perforation and choroidal haemorrhage 2 . Randomised controlled trials of comparisons of the techniques have largely focussed on efficacy, operating conditions and patient satisfaction 3 . Due to the numbers required no randomised trial has been done to compare rare but serious adverse events. Therefore, large prospective audits currently provide the best evidence in this field. Several large audits of anaesthetic complications in cataract surgery have been published but not for other ophthalmic procedures 4, 5 . This audit documented the serious adverse events and minor complications of both these anaesthetic techniques across a wide range of ophthalmic procedures in a single Australian teaching hospital.
METHODS
This prospective audit of eye blocks was approved by the Flinders Clinical Research Ethics Committee. Between March 2001 and August 2008, 6101 eye blocks performed at the Flinders Eye Unit were prospectively audited. Patient demographic data, surgical procedure and eye block particulars were recorded by the anaesthetist at the time of surgery, and complications were recorded as they were identified. A complication is an event that interferes with the surgery or requires further unplanned treatment. The choice of block technique, sedation and anaesthetic management, including the involvement of a trainee, were entirely at the discretion of the supervising consultant.
The technique for PBB involved a 25 mm 25 gauge needle using a medial and/or inferotemporal approach.
The technique used by all of the anaesthetists for STB is well-described in the literature 6 . There was no use of diathermy or magnification and a 19 gauge Bishop-Harmon cannula was uniformly used.
The adverse events were grouped into ocular complications directly due to the eye block technique and systemic medical complications possibly associated with block technique. Vaso-vagal reactions were included as systemic medical complications and were defined as those requiring drug treatment. Adverse events which were unlikely to be associated with the anaesthetic but which were serious or which delayed surgery or discharge were also recorded.
Confidence intervals for incidences of complications were obtained using exact binomial calculations. The incidences of eye block complications were compared using Fisher's exact test. Data analysis was carried out using the software package Stata version 11.1 (StataCorp, College Station, Texas, USA). A two-tailed P value of less than 0.05 was taken to indicate a difference in incidences.
RESULTS
A total of 3339 PBBs and 2688 STBs were audited. A further 74 patients received both block types. This was typically because of practitioners more familiar with one block learning the other. No adverse events occurred in this group and they are not included in subsequent results. During the audit period, there was a trend to increasing use of STB at the expense of PBB as shown in Table 1 . Demographics of patients who received PBB and STB were similar ( Table 2 ).
The blocks were performed by consultants or trainees or by a combination of both. For the PBB the respective proportions were 76.2%, 21.4% and 2.4%. For STB these were 87.3%, 10.7% and 2.0%.
Complications are summarised in Table 3 and details given below.
Ocular complications due to eye block technique During the audit, no cases of anaesthetic toxicity, choroidal haemorrhage or ocular inflammation were observed. The one-tailed upper 95% confidence limit for the true incidence of complications which were not observed is approximately 0.1% for both PBB and STB.
Five serious ocular complications related to eye block technique were observed. 1. A male, aged 67 years and scheduled for right cataract surgery, underwent medial and inferolateral peribulbar injections by a consultant.
No sedation was used. Extensive peri-ocular haemorrhage developed requiring a delay in surgery. The procedure was performed uneventfully later that day. 2. A female, aged 82 years, currently taking aspirin and scheduled for right cataract surgery underwent medial and infero-lateral peribulbar injections by a trainee. No sedation was used. Retrobulbar haemorrhage occurred with an intra-ocular pressure of 32 mmHg requiring treatment with acetazolamide. The procedure was abandoned. Serious corneal oedema developed contributing to ongoing problems and finally leading to bullous keratopathy with eventual blindness. 3. A male, aged 87 years with a measured axial length of 24.37 mm and scheduled for right cataract surgery, underwent medial and inferolateral peribulbar injections by a trainee. No sedation was used. A medial through-and-through perforation with sub-retinal haemorrhage was noted during the surgery. The procedure was otherwise uneventful. The perforation was managed conservatively with a final vision of 6/15. Five ocular complications occurred in the PBB group (incidence 0.15%, 95% confidence interval 0.05 to 0.35%) compared to none in the STB group (0%). This difference is not statistically significant (P=0.07).
Systemic medical complications possibly associated with block technique
A male aged 51 years and scheduled for right retinal detachment surgery, underwent medial and infero-lateral injections by a consultant. No sedation was used. He vomited soon after the block by which time the procedure had commenced. The procedure was successfully completed without further problems.
In the PBB group, there were eight cases of vasovagal reactions requiring atropine or ephedrine. Five of these were male, seven were in unsedated patients and the average age was 42 years (range 20 to 63).
In the STB block group, there were four cases of vaso-vagal reactions requiring atropine. Two of these were male, three were unsedated patients and the average age was 54 years (range 25 to 67).
Altogether there were 14 complications associated or possibly associated with eye block technique in the PBB group (incidence 0.42%, 95% confidence interval 0.23 to 0.70%) and four in the STB group (0.15%, 95% confidence interval 0.04 to 0.38%). This difference is not statistically significant (P=0.06). 
Adverse events unlikely to be related to the eye block

DISCUSSION
As this was an observational study, it is possible that anaesthetists preferentially performed one type of eye block on patients at higher risk of complications. However the time trends in block use suggest that this was not a major factor. At the commencement of the audit almost all blocks were peribulbar. Part way through, two anaesthetists received training and support from the ophthalmologists in STBs, and by the end of the audit this was the default block of all anaesthetists. It appears therefore that choice of block was based mainly on current thinking and expertise rather than on patient characteristics.
This audit relied on self-reported data; therefore it may underestimate the true incidence of adverse events. If data collection forms were not completed, then this might not always have been detected. We cross-checked recollection of adverse events with the ophthalmologists involved and believe we have reported all the serious ocular adverse events which occurred during the audit period. Consequently if any cases were missed by the audit, they would not have been associated with adverse events. On this basis, the incidence of adverse ocular events observed in this audit would be an overestimate rather than an underestimate.
Five cases of adverse ocular events related to block technique were observed. There were two cases of globe perforation, two cases of major haemorrhage and a case of brainstem anaesthesia in the PBB group and none in the STB group. Trainees performed three of the five blocks resulting in complications directly due to the eye block technique, yet trainees performed only 17% of the total blocks and presumably these were lower risk cases. This would suggest that the teaching of eye blocks is not without additional risk. This raises both practical and ethical issues previously well described 7 . Therefore care needs to be taken with case selection, consent and degree of supervision until adequate case numbers are achieved. A previous study suggested that improvement in technique continued over the first 60 STB performed 8 .
We have compared the incidence of complications with other large audits by Eke 4 and El-Hindy 5 in Table 4 . It must be taken into account that there were methodological differences between these studies. The Eke study relied on voluntary reporting and therefore there is an unknown incidence of under-reporting. For example, the overall incidence of serious PBB complications reported by Eke et al was 0.03%, compared to 0.12% in the study of El-Hindy and 0.15% in the present study. The El-Hindy study collected data at the time of surgery; therefore complications such as globe perforation which may be detected later may be underestimated. The El-Hindy study records no globe perforations (there was one globe perforation but the anaesthetic technique was uncertain) from PBB compared to 0.019% for the Eke study and 0.06% for this study. Finally, both the Eke and El-Hindy studies looked only at cataract surgery with topical anaesthesia comprising a significant proportion of the caseload. In this study, 34% were non-cataract cases with potentially more difficult eyes, requiring denser blocks and receiving longer more complex surgery. Taking these differences into account, the observed incidences of adverse events are consistent across studies.
In regard to the adverse events unrelated to the block technique, medical events will occur in any patient group and the relevant skills needed to manage the problem must be available. The wrong side block emphasises the need for rigorous correct eye checking and marking procedures prior to the eye block. The standard theatre 'time out' prevents wrong eye surgery but not wrong eye anaesthesia.
This audit shows that both peribulbar and sub-Tenon's eye blocks were associated with low risks of adverse events and the overall rates of adverse events were similar to other published audits. 
